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Ureteric delineationAbstract Purpose: To develop a standardized technique to assess delineation of the whole ureter
for the evaluation of symptomatizing urologic patients.
Method and materials: 2500 patients are examined using 64-MDCT. Examinations were performed
with oral hydration Group I (n= 834), Group II which received IV diuretics (n= 847), or Group
III which received nothing (n= 819). Curved planar reformatted images were obtained manually to
obtain the entire ureter in a single coronal oblique image. The ureter was divided into 3 anatomic
segments for estimating the degree of its delineation where if the segment is assessed along its whole
length it is graded as satisfactory delineation, otherwise it is graded as non-proper delineation.
Delineation degrees for each ureteric segment were compared.
Results: Satisfactory delineation obtained with group II (51.3%) was statistically higher than other
groups with p value < 0.001, with a statistical significant result (p< 0.001) as regards the delineation
of ureteric segments andpatients’ sex; themiddle and lower third segments showsatisfactory delineation
in group II with 86%,while the non-proper delineation is higher in females with percentage 66.1%, and
the percentage of non-proper delineation among females is least recorded in group II.
Conclusion: Curved sagittal oblique reformatted image with IV diuretics allows better tracing of the
whole ureteric course.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).ll: +20
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1104 H. Atta et al.1. Introduction
Radiological imaging has a central role in the management of
patients of suspected renal colic. Non contrast MDCT
(CT KUB) is the preferred examination for evaluation of
urolithiasis (1). The capabilities of MDCT allow scanning of
the entire abdomen and pelvis in a single breath-hold with
isotropic properties, stimulating the interest to generate a
multiplanar displays, among these reformatted images is the
curved planner reformate (CPR) (2–7).
In spite of the fact that there is agreement that MDCT is
the most sensitive technique for detecting urinary tract calculi,
several studies have been conducted to improve CT protocols
including abdominal compression and prone position which
have not shown a significant improvement (2,4,8,9). Even the
optimal plane of interpretation is still a point of debate and
most of the radiologists agree that the combined data from
both axial and coronal planes represent the best possible
combination allowing further characterization of the disease
processes that have already been detected on axial sections
(6,8,10–14), while urologists have become accustomed to better
anatomic orientation on coronal images and employ these
images to gain a better understanding of stone location (11).
Curved planar reformations (CPR) are useful in illustrating
the presence of stones and other intraluminal lesions in the
ureter and are essential for presenting only a few illustrative
images to the referring clinicians rather than the large data sets
of the native acquisition. Another major benefit of the refor-
matting is the creation of images simulating those produced
by excretory urography, improving the communication with
the referral physicians particularly urologists (14).
Depiction of the ureter via CPR is easier if there is ureteral
dilatation especially there is a prominent retroperitoneal fat.
For induction of ureteral dilatation many maneuvers were
described including oral water intake, IV saline infusion, prone
or supine positioning, or even the need for external compres-
sion devices (15), and other studies employed IV furosemide
diuretic which has been found effective in increasing distention
and opacification of the urinary tract (16).
Our aim was to develop a standardized technique to assess
delineation of the whole ureter for the evaluation of symptom-
atizing urologic patients with non-contrast CT.
2. Materials and methods
2.1. Patient population
The study was conducted during the period between 2007 and
2012 using 64-row multidetector scanner, and ethics committee
approval in addition to informed written consent from all
patients was obtained. Two thousand and five hundred consec-
utive patients were subjected to this technique, among which
994 were male (39.8%) and 1506 were female patients
(60.2%) and their age ranged from 8 to 92 years with mean
42 ± 15 years. No patients were excluded from our study
except for pregnant female patients.
Patients were divided into 3 groups as regards their clinical
presentation, where the clinical assignment of the patients
groups was performed as follows: Patients with acute renal
colic were enrolled in group III, patients with renal or
abdominal pain were enrolled in group II while patients withsonography of obstructed kidney were enrolled in group II
or I according to severity of obstruction (IV diuretics or oral
hydration).
In Group I (n= 834), examinations were performed with
oral hydration (each patient ingested 500–750 ml. of water
over a 15–30 min. period before scanning began), in Group II
patients received 20 mg of IV diuretics (furosemide)
(n= 847) and Group III they received nothing at all (n= 819).
2.2. CT technique
All scans were obtained on an MDCT scanner with 64
multidetector-CT (light VCT, GE Medical Systems), and no
IV contrast material was administered. Patients were lying
supine within the machine with head first position; unenhanced
scans were obtained from the level of the diaphragm to the
symphysis pubis and the scanning parameters were done with
automated tube current modulation (mA); 120 kVp; pitch 1.3.
The reconstruction parameters were carried out as follows:
helical thickness 0.625 mm; pitch 0.984; speed 39.37; rotation
time 0.8; FOV was adjusted to large body; type of reconstruc-
tion is standard; gantry angle zero.
Studies were transferred to advantage work station (ADW
4.4), and Curved planar reformatted (CPR) images were
obtained manually by drawing a line over the entire course
of the ureter. The ureter was traced in the sagittal plane to
obtain the entire ureter in a single coronal reformatted image.
Tracing of the ureter could start from the renal and extending
caudally tracing the ureter along its anatomical site along the
anterior aspect of psoas muscle till the ureteric orifice within
the urinary bladder (Fig. 1) or it can start from the urinary
bladder and tracing extends cranially.
2.3. Image interpretation
All studies were stripped of patient names; At least 2 radiolo-
gists (with experience of 3–12 years after M.D.) viewed the
reconstructed image independently for estimating the degree
of its delineation. The ureter was divided into 3 anatomic
segments (proximal, middle, and distal), where the proximal
segment is extending from the (pelvi-ureteric junction to psoas
muscle crossing of ureter), middle (along the psoas muscle to
crossing of iliac vessels), and distal ureter (from crossing of
iliac vessels to urinary bladder).
Assessment of the degree of ureteric delineation: it is graded
as satisfactory when the ureter is assessed along its whole
length (Fig. 2), while if the ureters cannot be assessed along
its whole length then it is graded as non-proper delineation
(Fig. 3). The delineation degrees for each ureteral segment with
patient group were compared. In case of indeterminate study
the most senior radiologist (H.I.) revised the study and evalu-
ated the degree of ureteric delineation.
We then compared diagnostic yield of the CPR with that of
the axial and coronal reformations for tracing the course of the
ureters to check whether there is any missed ureteric
pathology.
For the general impact of CPR, the images were reviewed in
the axial, coronal images and role of CPR was evaluated as
confirmatory to native image findings or additive value if it
adds more diagnostic values and clarifies underlying pathology
which is recorded for each category.
Fig. 1 CPR technique showing manual ureteric trace.
Fig. 2 Satisfactory ureteric delineation.
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The collected data were verified and coded by the researcher.
Data entry file was designed by using Excel program. After
this, the files were converted to the SPSS program version 16
and defining the variables was done. Analysis of data was done
using SPSS program version 16 done mainly by (M.S.). Statis-
tical methods were applied including descriptive statistics and
chi-square test. A significant p value was considered when it
is less than 0.05.
3. Results
Two thousand and five hundred patients are enrolled in our
study (994 males and 1506 females); patients age ranged from
8 to 92 years (mean 47 ± 15.3) and they were divided into 3
groups according to their clinical presentation, as in group I
patients age is 8–92 years with mean 47 ± 17.9, while in group
II the patients age ranged from 18 to 63 years with mean 39.6
± 13.08 and that of Group III ranged from 18 to 63 years with
mean 39.7 ± 13.03. The demographic characteristics of differ-
ent patients are shown in Table 1.
Fig. 3 Non proper delineation of the right lower ureter. Fig. 4 Satisfactory delineation and bilharzial calcification.
Fig. 5 Satisfactory delineation with a stone and stricture.
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with satisfactory delineation were 1741 (69.6%) while those of
non-proper delineation were 759 (30.4%).
Degree of satisfactory delineation obtained with group II
(Fig. 4) (51.3%) was statistically much higher than that
obtained with group I (Fig. 5) (25.9%) or group III) Fig. 6)
(22.8%) with p value < 0.001 using chi square test (graph 1,
Fig. 7).
Regarding the degree delineation of different ureteric
segments delineation, there was a statistical significant result
(p< 0.001) where the upper ureteric segment showed satisfac-
tory delineation (graph 2, Fig. 8) with all 3 techniques with
percentage 100%, the middle ureteric segment showed satisfac-
tory delineation in 86.1% of cases with group II, 62.5% in
group I and 60% in group III while the lower third segment
showed satisfactory degree of delineation in 86.2% in group
II, 61% with group I and 54.6% with group III (Table 2).
Regarding the general impact of CPR, in comparison with
native axial and routine reformatted coronal images, 77.8% of
the satisfactory delineated cases (1000 cases) shows confirma-
tory role while 22.2% of the satisfactory delineated cases
(285 cases) shows additive values out of them 99.3%
(283 cases) have ureteric strictures (Fig. 9) and 0.7% (2 cases)
have ureteric masses.Table 1 Demographic characteristics of the patients.
Patient group Group I Group II Group III
Number of patients (%) 834 (33.4%) 847 (33.9%) 819 (32.8%)
Age range 8–92 18–63 18–63
(mean ± SD) (47 ± 17.9) (39.6 ± 13.08) (39.7 ± 13.03)
Male:female ratio 332:502 513:334 149:670
Cases with satisfactory delineation of whole ureter (%) 333 (39.9%) 659 (77.8%) 293 (35.8%)
Cases with non proper delineation of whole ureter (%) 501 (60.1%) 188 (22.2%) 526 (64.2%)
Satisfactory upper ureteric segment delineation (%) 834 (100%) 847 (100%) 819 (100%)
Satisfactory middle ureteric segment delineation (%) 521 (62.5%) 729 (86.1%) 491 (60%)
Satisfactory lower ureteric segment delineation 509 (61%) 730 (86.2%) 447 (45.4%)
Fig. 6 Satisfactory delineation with no obstructive uropathy.
Fig. 7 Chart showing satisfactory ureteric delineation.
Fig. 8 Satisfactory delineation i
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result (p< 0.001) where there was a satisfactory delineation
in 77.9% of males and non-proper delineation is higher in
females with percentage 66.1% (Table 3); also there was a sig-
nificant statistical difference (p< 0.001) among patient groups
where group II shows the least incidence of non-proper delin-
eation in female patients as regards the middle third ureter
(15.5%), that of group I (41.2%) and group III (43.3%) while
as regards the lower third ureter it was 14.3% for group II,
39.8% for group I and 45.9% for group III (Table 4).
4. Discussion
Urolithiasis management represents a significant economical
impact as reported by many authors ($1.83 million per annum
in USA alone). Even that in the year 2000, the costs involved
in the diagnosis and treatment of urolithiasis approached $2.1
billion in the United States alone, increasing more than 50%
since less than a decade earlier (17,18).
Although the comparison of institutional costs is somewhat
unusual, since the charge for excretory urography is relatively
high and there is no additional charge for reformatting the CT
scan, the CT cost is competitive with alternative techniques at
our institution agreeing with Sommer et al.(14) where the cost
of CT urography is about 60% higher than that of non-
contrast CT study. Our study is based on non-contrast study
of the urinary tract agreeing with Lang et al. (19) who termi-
nated the study when calculi were identified on unenhanced
images of 46 patients, accepting the risk of missing a coexisting
lesion where there is still a debate in the imaging literature
addressing the risk of missed lesions due to omission of the
contrast enhanced phase in the presence of calculi as stated
by Song et al. (20) while other authors also stated that the
contrast-enhanced portion of the MDCTU examination is
needed even if calculi are seen because important pathologic
changes are diagnosed only after the contrast-enhanced phase
(20).
The employment of 64 MDCT showed improved perfor-
mance as Image quality is further enhanced with 64-MDCTn different ureteric segments.
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time) image reconstruction algorithms; in this we agree with
Nishino et al. (21) and Hu et al. (22) who had reported also
improved performance of 64-MDCT allowing coverage of aTable 2 Distribution of the delineated middle and third ureter in t
Patients group Delineation
Satisfactory delineation Non proper del
No. % No.
Regarding the middle third ureter
Group I 521 62.5 313
Group II 729 86.1 118
Group III 491 60.0 328
Total 1741 69.6 759
Regarding the lower third ureter
Group I 509 61.0 325
Group II 730 86.2 117
Group III 447 54.6 372
Total 1686 67.4 814
Fig. 9 (a and b) CPR clarifies stricturelatively large volume, with near-isotropic resolution in all
three dimensions (22).
In our study we agree with Sommer et al. (14) and Desser
et al. (3) that curved planar reformations (CPR) are useful inhe different patient groups.
ineation Total P-value (chi square test)
% No. %
37.5 834 33.4 <0.001
13.9 847 33.9
40.0 819 32.8
30.4 2500 100
39.0 834 33.4 <0.001
13.8 847 33.9
45.4 819 32.8
32.6 2500 100
re, (c) VR and (d) native images.
Table 3 Degree of ureteric delineation according to sex.
Delineation Sex
Male Females Total P-value (chi square test)
No. % No. % No. %
Satisfactory delineation 774 77.9 511 33.9 1285 39.8 <0.001
Non proper delineation 220 22.1 995 66.1 1215 60.2
Total 994 69.6 1506 30.4 2500 100.0
Table 4 Ureteric delineation of middle and lower thirds ureter in females among the different patient groups.
Patients group Ureteric delineation
Satisfactory delineation Non proper delineation Total P-value (chi square test)
No. % No. % No. %
Regarding the middle third ureter
Group I 246 27.8 256 41.2 834 33.4 <0.001
Group II 238 26.9 96 15.5 847 33.9
Group III 401 45.3 269 43.3 819 32.8
Regarding the lower third ureter
Group I 236 28.2 266 39.8 502 33.3 <0.001
Group II 238 28.4 96 14.3 334 22.2
Group III 363 43.4 307 45.9 670 44.5
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lesions in the ureter and are essential for presenting only a
few illustrative images to the referring clinicians to view their
patients rather than the large data sets of the native acquisition
with another major benefit of the reformatting in the creation
of images similar to those produced by excretory urography
improving the communication with our referral physicians
particularly urologists. However in our study the CPR were
performed to whole length of the course of the ureter while
Sommer et al. (14) performed the reformatted image in the
region of a calcification suggestive of a ureteral stone to define
whether it was indeed intra-ureteral.
On the other hand we agree with Sommer et al. (14) on stat-
ing that depiction of the ureter via CPR was found to be easier
if there is ureteral dilatation; specially, there is a prominent
retroperitoneal fat and induced ureteric dilatation.
Our results show that there was significant satisfactory
delineation with IV furosemide in comparison with patients
who had water intake or no modes of ureteric dilatation; in
this, we agree with Claebots et al. (23) where they compared
IV furosemide to IV administration of saline for upper urinary
tract opacification, and they concluded that IV furosemide
alone was necessary and sufficient to improve upper tract
delineation (23).
We disagree with Sudah et al. (24) when stating there is lack
of contrast in CT KUB which cannot be used to exclude many
upper ureteric obstruction (24) as the reformatted techniques
in 3 groups of our study allowed satisfactory delineation in
upper parenchymal lesions.
Furthermore in the current study IV furosemide diuretic
allows statistically significant degree of satisfactory delineation
among the middle and lower third ureteric segments, where in
the middle third ureteric segment ureteric dilatation induced
by furosemide allowed us to overcome the little intra-
abdominal fat in some patients or even sometimes the volumeaveraging that were opposed by Ripolles et al. (25), while in
the lower third ureteric segment we agree with Sommer et al.
(14) where in our study the ureteric dilatation allows better
ureteric definition to overcome the confusing vascular struc-
tures or even complex adnexal structures in females.
We agree with Memarsadeghi et al. (11) when stating that
the value of reformatted images is confirmatory in the majority
of cases with the main role in reduction time of evaluation.
Also we agree with Reddy (6) when stating that MDCT
detected other pathologies mimicking urinary stones as in
our study CPR have additive values in 11% of the study pop-
ulation 99.3% of them are having ureteric stricture.
In our study a high percentage of our patients were females
(60%) which is quite different from Nadeem et al. (26) regard-
ing the gender distribution as they reported that males were
common in their study in spite of the fact that both of us
had referral from urology, emergency departments and other
specialties.
A higher percentage of non-satisfactory delineation were
recorded in our study with female patients, this may be attribu-
table to complexity of adnexal structures and their pathology,
and this is in agreement with Nadeem et al. (26) who reported
that female patients are more likely to have gynecological
pathology as a cause of flank pain.
Our study had a few limitations; the fact is that there is no
absolute standard of truth and the unavailability of body mass
index of the patients groups.
5. Conclusion
For the evaluation of symptomatizing urologic patients a stan-
dardized technique to assess delineation of the whole ureter
with CPR allowing demonstration or the presence of stones
and other intraluminal lesions in the ureter by presenting a
few illustrative images, by simulating those produced by excre-
1110 H. Atta et al.tory urography to the referring clinicians, and by improving
the communication with the referral physicians is helpful.
We recommend employing IV diuretics for induction of
ureteric dilatation to facilitate the production of CPR.
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